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Description

FIELD OF THE INVENTION

[0001] The presentinvention pertains to the field of fil-
ters used to remove debris from water being sucked into
a piping system. More particularly, the present invention
relates to the field of filters used in nuclear power plants.

BACKGROUND

[0002] Nuclear plants have various safety systems to
ensure that the nuclear fuel in the reactor core remains
cooled in all credible accident scenarios. One such sce-
nario is a "loss of coolant accident," in which an external
pipe is postulated to break, allowing a large amount of
water to escape from the reactor cooling system. This
water may dislodge solid debris from neighbouring pipes
or other reactor structures. The water, along with some
of the dislodged debris, will flow to the lowest parts of the
reactor building into a sump. Plants are equipped with
safety systems that pump water from the sump back into
various reactor cooling systems. Strainers on the pump
intakes ensure that any debris large enough to clog
equipment in these systems is prevented from entering.
Depending on the type of debris, the first layer to deposit
on the strainer may form a finer filter than the underlying
screen, and catch many smaller particles.

[0003] Strainers must have enough screen area: that
the debris layer on the strainer is not too thick to cause
unacceptably high restriction to flow. Strainers must also
be as small as possible to fit into the available space.
Therefore compactness, i.e., accommodating the most
screen area in the smallest volume, is important.
[0004] Conventional strainers in many nuclear plants
are simple box-type devices mounted over the pump in-
takes. Newer more advanced strainers often have an ir-
regular surface to increase the surface area.

[0005] This background information is provided for the
purpose of making known information believed by the
applicant to be of possible relevance to the present in-
vention. No admission is necessarily intended, nor
should be construed, that any of the preceding informa-
tion constitutes prior art against the present invention.
[0006] US 2004/0124158 discloses stationary cloth
media filtration systems and devices, as well as process-
es and devices for uniform flow distribution and improved
cloth media filter backwashing.

[0007] US 3,074,561 relates to filtering mechanism,
and is primarily concerned with the provision of mecha-
nism for carrying on a continuous, self-cleaning filtering
operation for the separation of solids from fluids in which
they may be suspended, utilizing to that end a plurality
of substantially identical filter units together with means
for reversing the flow of fluid through such filter units in
accordance with a predetermined schedule.
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SUMMARY OF THE INVENTION

[0008] In accordance with an aspect of the present in-
vention, there is provided a strainer for filtering debris
from a fluid according to appended claim 1.

[0009] The fluid permeable screens can be formed of
perforated metal sheet or mesh. The perimeter frame
can be impermeable to fluid except at said one marginal
side edge.

BRIEF DESCRIPTION OF THE FIGURES

[0010]

Figure 1 is an isometric view of a strainer module for
connection to a pump intake in accordance with an
embodiment of the present invention.

Figure 2 is an exploded view of the strainer module
shown in Fig. 1;

Figure 3 is a cut-away isometric view of a strainer
module mounted directly onto a sump in accordance
with an embodiment of the present invention;

Figure 4 is a cut-away isometric view of a section of
a flat-surface fin;

Figure 5 is a cut-away isometric view of a section of
a corrugated-surface fin in accordance with an em-
bodiment of the present invention;

Figure 6 is an exploded view of a corrugated-surface
fin in accordance with an embodiment of the present
invention;

Figure 7 is an isometric section view of flow equali-
zation devices in accordance with an embodiment

of the present invention; and

Figure 8 depicts a corrugated-surface fin in accord-
ance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Referring to Figures 1 and 2, the strainer mod-
ule of the present invention comprises elongated header
3 that defines an internal fluid flowpath that is in fluid
communication with a suction source through pump in-
take pipe 2 which may be located in the floor or wall
through one or more connection(s) 1. Header 3 has a
generally planar sidewall with a plurality of inlet apertures
9in the form of a series of substantially parallel elongated
slots disposed along the length of the header to accom-
modate fins 4. The inlet apertures are oriented in a di-
rection transverse to the fluid flowpath within header 3.
Strainer elements in the form of hollow flat-surface fins
4 may be mounted on the sides (as shown in Figure 1),
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top, or bottom of header 3 and project outwardly from
inlet apertures 9. Fins 4 may have a uniform or variable
spacing and are located by mounting frames 5 and brac-
es 6. In a preferred embodiment, fins are easily remov-
able, using pins 10 and bolts 11, but they may also be
permanently attached to header 3.

[0012] Water enters the strainer through fluid perme-
able screens 7 on the surface of the fins 4, leaving debris
on the screens. Water then flows through the fluid flow
channel in hollow core 8 of the fin 4 towards header 3.
Various portions of header 3, particularly the portion be-
tween fin slots 9, may be made using fluid permeable
material to increase the filtration area. Header 3 may
have one or more baffle plates 12 to provide structural
support for the sides to resist high suction pressures.
Baffle plates 12 have large holes 13 to ensure flow ve-
locity in the fluid flow channel in header 3 is the same
above and below the baffle.

[0013] The ends of each header 3 have flanges 14 that
allow adjoining modules to be attached together. Mod-
ules may be attached together, or they may be independ-
ently mounted with seals between modules. Mounting
frames 5 may be provided under the module. Mounting
frames 5 have adjustable-height mounts 15 that allow
the device to be installed on floors that are not level.
[0014] Figure 3 shows an alternative embodiment of
the present invention. This embodiment is useful for sit-
uations where there is a pre-existing sump 45 with a cover
46 (which could be pre-existing or installed specifically
to support the strainer modules) and a pump intake 47
inside the sump 45. Strainer module 48 comprises fins
49 mounted in a frame 50 with appropriate bracing. For
simplicity, only one module has been shown in Figure 3.
If required, a plurality of strainer modules 48 can be
mounted in a similar manner over sump 45.

[0015] Flow enters fins 49 in the same manner as de-
scribed above in relation to the embodiment shown in
Figures 1 and 2, but then flows directly into sump 51, and
then into the pump intake 52. Pump intake 52 may be
modified to reduce inlet losses. No separate collection
header is required for this arrangement, because sump
51 itself performs this function. Undesirable bypass flow
between the sump cover 46 and the module frame 50
can be prevented using close tolerances between mating
parts, or using wire mesh gaskets or any other suitable
type of seal, such as item 25 shown in Figure 5 on the
edge of the fin. Suitable portions of the module frame 50
or sump cover 46 may be made from perforated metal
sheet to increase the filtration area. To make use of some
of the volume of sump 51, the strainer module can be
recessed, either partially or completely, into the sump
below the level of the floor. In such a case, the frame 50
of the module would extend down from the floor level to
the bottom of the module in order to prevent flow from
bypassing the filtration elements of the strainer.

[0016] Airingestion can be prevented by ensuring that
there is a sufficient height of water above the strainer. In
the alternative, a horizontal cover (not shown) can be
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added over the fins. This cover allows the fins to be closer
to the water surface without ingesting air or causing hol-
low-core vortices.

[0017] Various types of bracing, such as those shown
in Figures 1, 2 and 3, are used to ensure that the strainer
is sufficiently rigid to resist the predicted seismic and
pressure loads. In addition, external bracing, such as in-
dicated by reference numeral 6 in Figure 2, may also be
placed between fins.

[0018] For all applications, it is desirable to optimize
the design for the type and quantity of debris that the
strainer is required to handle. Two basic factors need to
be considered: the filtration area required, and the po-
tential volume of debris that must be accommodated
within the strainer. The number of fins is determined by
the required filtration area, and then fin spacing can be
varied to ensure that there is sufficient space between
fins to accommodate the potential debris volume. The
strainer module is advantageously fabricated in a size
that is easily manageable and can be moved into place
without interference with surrounding equipment. In ad-
dition, a complete strainer assembly may contain as
many strainer modules as necessary.

[0019] Two types of fins that may be incorporated in
the apparatus of the present invention are discussed be-
low in relation to Figures 5, 6 and 8.

Flat-Surface Fin

[0020] Referring now to Figure 4, by way of back-
ground information, flat-surface fins, have a pair of planar
fluid permeable screens 16 of perforated metal sheet on
each side of the fin in opposed spaced relation. Screens
16 filter debris from the water entering the strainer. The
two screens 16 are separated by a corrugated metal
spacer 17. Spacer 17 provides stiffness and strength,
and also forms flow channels between screens 16 to
header 3. The edges of screens 16 are enclosed by pe-
rimeter frame 18. The flow channels between screens
16 are open to fluid communication with the enclosed
flowpath in header 3 through the marginal side edge of
frame 18 that fits into aperture 9 of header 3. Frame 18
also adds significantly to the structural strength of the fin.
[0021] Ifthe application requires smaller filtration holes
than are achievable using standard perforated metal
mesh, a layer of fine wire mesh may be laminated onto
the surface of perforated metal screens 16 of the fin.
[0022] The advantages of the fin construction shown
in Figure 4 include simplicity of manufacture and minimal
internal volume.

Corrugated-Surface Fin

[0023] Referring now to Figures 5, 6 and 8, in accord-
ance with an aspect of the presentinvention, corrugated-
surface fins are constructed of two layers of perforated
metal screen 19 that have been corrugated to increase
their exposed surface area. Debris filtered out of water
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entering the strainer is deposited on these corrugated
surfaces.

[0024] The corrugations provide a number of advan-
tages. The large increase in filtration surface area over
aflat screenis avery significant advantage for thin debris
layers, which often pose more of a problem than more
porous thick debris layers. The increased area reduces
the restriction to flow entering the strainer by decreasing
the water velocity through the screen and reducing the
thickness of debris (because it is spread over a larger
area). The "peaks" of the corrugations also reduce the
pressure drop by tending to encourage a locally non-
uniform debris bed. Even with layers of debris that are
thicker than the height of the corrugations, there can be
a significant benefit, because fine particulates often mi-
grate through the debris bed and concentrate near the
filtration surface, causing a thin relatively impermeable
layer at the surface. The resistance of this thin layer to
flow entering the strainer is reduced with the larger screen
area achieved by the corrugations.

[0025] Another important feature of this design is that
the corrugated screens can be made strong enough to
be relied on as the sole structural elementin the fin. More-
over, the screen can also be formed using relatively thin
gauge material. This minimizes the amount of material
required to make a fin, saving cost and making the fins
easier to handle because of their reduced weight.
[0026] The corrugated metal mesh screens have a plu-
rality of parallel "peaks" and "valleys" and are positioned
in opposed spaced relation such that alternating peaks
in one screen are in tip-to-tip contact with alternating
peaks in the opposed screen. This configuration forms
hollow internal channels for fluid entering the strainer to
flow towards the collection header. These flow channels
are unobstructed and can be made large enough to offer
minimal restriction to flow. The internal volume of the
design is minimized, therefore maximizing the space out-
side the strainer to collect debris.

[0027] AsshowninFigure 5,the perimeterframe about
the fluid permeable screens can comprise flat bar 20 to
seal the edges parallel to the corrugations and to provide
strong attachment points 21 for bracing 6 and fin attach-
ment hardware 10 and 11. These edges can also be
sealed with perforated metal screen 22 to further in-
crease the filtration surface area.

[0028] The perimeter frame about the fluid permeable
screens can also comprise perforated metal caps 23 to
seal the ends of the corrugations. The advantage of this
type of end cap is that it adds to the perforated screen
area and does not restrict flow access to the space be-
tween the fins. In the embodiment shown in Figures 6
and 8, end cap 40 is formed from a channel, which is
then welded over the end of the fin. The advantage of
this type of end cap is that it is simple to manufacture
and adds significantly to the strength of the fin. It can be
fully or partially perforated if extra screen area is needed.
[0029] The marginal side edge of the perimeter frame
at the edge of the fin fitting into the header is adapted to
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a rectangular cross-section to fit the rectangular slots 9
in the header. This can be done using a toothed strip of
perforated metal 24, with the edge sealed into the col-
lection header with flexible metal strips 25 as shown in
Figure 5. Figures 6 and 8 also shows a simpler design
of a cap 41 for the portion of the perimeter frame at the
header end of the fin. Cap 41 is formed from a channel
thatis welded over the ends of the corrugated metal mesh
sheets. Cap 41 has large openings through which flow
43 from the channels between the corrugations commu-
nicates with apertures 9 and the flowpath enclosed in
header 3. The sides of the end cap provide surfaces to
attach seals 42, which ensure a good fit of the fin into the
header.

Flow equalization

[0030] Reasonably uniform flow is desirable to prevent
formation of hollow-core vortexes and to ensure that de-
bris depositing onto the strainer is not packed too dense-
ly. If the flow concentrates at one spot, debris will quickly
build up at this spot in a very dense mat, raising the flow
resistance enough that flow will enter at an adjacent spot,
causing a dense bed to build up there also. If unre-
strained, this can progress throughoutthe whole strainer,
causing a much higher pressure loss than if the debris
had built up uniformly.

[0031] Inafurtherembodimentofthe presentinvention
shown in Figure 7, the flow entering at various points
along the length of the header is controlled using flow-
balancing devices that boost the pressure inside the
header. As fluid flows along the header, frictional pres-
sure drop and acceleration pressure drop cause decreas-
ing pressures closer to the suction end of the header (i.e.,
in the direction of fluid flow). This would normally provide
more driving pressure for flow entering the fins, causing
somewhat non-uniform flow (more flow entering fins clos-
er to the pump intake, or suction end). To ensure that
water entering any fin is subjected to the same driving
pressure differential, calibrated flow-balancing devices
are added, which provide greater restriction for fins closer
to the suction end of the strainer than at the far end.
[0032] In accordance with a further preferred embod-
imentofthe presentinvention, the flow-balancing devices
provide flow restriction in a partially reversible fashion.
Thus, the energy required to accelerate the flow through
the flow-balancing devices is converted first to kinetic
energy as a jet of water in the header pointed in the di-
rection of flow towards the suction end. The momentum
of this jet is used to boost the pressure in the header in
a manner that partially offsets the upstream friction and
acceleration losses. This pressure boost reduces the
amount of pressure imbalance along the length of the
header. A substantially uniform flow can be achieved at
the same time as providing a lower overall pressure loss.
[0033] Figure 7 shows the details of this embodiment
in which all but one fin have been removed for clarity.
Flows at various locations are illustrated with arrows.
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[0034] Fluid flow 25 enters fin-like strainer element 32
through perforated screens, passes through the internal
channels formed by the corrugations which are in fluid
communication with header 35 through end cap 41 (see
Figure 6 and 8) and slot 26. Flow from neighbouring fins
similarly enters header 35 through slots 27 and 28. A
relatively narrow collection channel 38 inside header 35
is defined by vertical baffle 31 running inside outer wall
36 of the header 35. Flow from the collection channel is
accelerated through an orifice 33 forming a jet 39 that
joins the flow 29 from upstream fins. Because the velocity
of the jet 39 is substantially parallel to the velocity of the
main flow 29, the pressure at downstream flow 30 is
raised over that if the water were injected perpendicular
to the main flow. Furthermore, because the velocity of
the jet 39 is greater than the velocity of the main flow 29,
momentum is added to the main flow, which boosts pres-
sure atflow 30 over that that would exist if the flow velocity
of jet 39 were the same as that of main flow at 29. In
addition, the orifice 33 provides a smooth contraction for
the flow so that there is minimal energy loss in creating
the jet 39.

[0035] The pressure in the main header 35 drops as
one moves closer to the pump intake because of friction
and acceleration pressure drops. The differential pres-
sure across orifices closer to the pump intake are there-
fore greater than across orifices farther away. In order to
balance the flows entering the main header, the width of
each orifice 33, 34 is selected so that the pressures up-
stream of all orifices, e.g., through each of the collection
channels 38, 37 are equal. Substantially equal pressure
can be achieved by providing that orifices closer to the
pump intake have smaller flow area than orifices farther
from the pump intake with the result that substantially
uniform fluid flow is maintained through strainer elements
located at different positions along the flowpath in header
3.

[0036] A flow control device in the form of an appropri-
ately sized and shaped orifice can be provided for indi-
vidual collection channels each of which encloses a plu-
rality of apertures (as shown in Figure 7), or in the alter-
native, can be provided for each individual inlet aperture.
[0037] Unless defined otherwise, all technical and sci-
entificterms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs.

Claims

1. Astrainer for filtering debris from a fluid, the strainer
comprising
aheader (3) defining an enclosed volume and having
an outlet for fluid communication with a suction
source, said header having a plurality of elongated
inlet aperture slots (9) formed therein,
fin-like strainer elements (4) projecting outwardly
from each aperture slot (9) for straining debris from
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said fluid, wherein each of said strainer elements (4)
comprises a perimeter frame (18) and a pair of fluid
permeable screens (16) fixed thereto in opposed
spaced relation, wherein each fluid permeable
screen (16) has a plurality of parallel peaks and val-
leys, contact at alternating peaks maintaining the flu-
id permeable screens (16) in opposed spaced rela-
tion and defining a plurality of fluid flow channels
therebetween, and wherein each of said plurality of
fluid flow channels is open to fluid communication
with said enclosed volume through a marginal side
edge of said perimeter frame (18) and said elongated
aperture slot.

2. The strainer of claim 1 wherein said perimeter frame

(18) is impermeabile to fluid except at said one mar-
ginal side edge.

3. The strainer of claim 1 or claim 2, further comprising
an end cap at the marginal side edge of said frame,
the end cap formed with a plurality of openings
through which said plurality of fluid flow channels are
correspondingly open to fluid communication with
said enclosed volume.

4. The strainer of any one of claims 1 to 3, wherein

each fluid permeable screen is formed of corrugated
metal mesh having the plurality of parallel peaks and
valleys.

Patentanspriiche

1. Abscheider zum Filtern von Feststoffen aus einem
Fluid, wobei der Abscheider
eine Leitung (3), die ein umschlossenes Volumen
festlegt und einen Auslass fiir eine Fluidverbindung
mit einer Ansaugquelle aufweist, wobei die Leitung
eine Mehrzahl von langlichen Einlassoéffnungsschlit-
zen (9) aufweist, die darin ausgebildet sind,
lamellenartige Abscheiderelemente (4) umfasst, die
von jedem Offnungsschlitz (9) zum Abscheiden von
Feststoffen aus dem Fluid auswarts vorragen, wobei
jedes der Abscheiderelemente (4) einen Umfangs-
rahmen (18) und ein Paar von fluiddurchlassigen
Sieben (16) umfasst, die daran in einer gegenlber
liegend beabstandeten Beziehung angebracht sind,
wobei jedes fluiddurchlassige Sieb (16) eine Mehr-
zahl von parallelen Spitzen und Vertiefungen auf-
weist, wobei ein Kontakt an abwechselnden Spitzen
die fluiddurchlassigen Siebe (16) in einer gegenliber
liegend beabstandeten Beziehung halt und eine
Mehrzahl von Fluidstrdmungskanalen dazwischen
festlegt, und wobei jeder der Mehrzahl von Fluidstro-
mungskanalen fiir eine Fluidverbindung mitdem um-
schlossenen Volumen durch eine Randseitenkante
des Umfangsrahmens (18) und den langlichen Off-
nungsschlitz offen ist.
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Abscheider nach Anspruch 1, bei dem der Umfangs-
rahmen (18) auBer an der einen Randseitenkante
fur Fluid undurchlassig ist.

Abscheider nach Anspruch 1 oder Anspruch 2, der
ferner einen Abschlussdeckel an der Randseiten-
kante des Rahmens umfasst, wobei der Abschluss-
deckel mit einer Mehrzahl von Offnungen ausgebil-
det ist, durch welche die Mehrzahl von Fluidstro-
mungskanalen entsprechend fir eine Fluidverbin-
dung mit dem umschlossenen Volumen offen ist.

Abscheider nach einem der Anspriiche 1 bis 3, bei
dem jedes fluiddurchlassige Sieb aus einem gewell-
ten Metallnetz ausgebildet ist, das die Mehrzahl von
parallelen Spitzen und Vertiefungen aufweist.

Revendications

Filtre a tamis, pour filtrer les impuretés d’un fluide,
le filtre a tamis comprenant :

un collecteur (3) définissant un volume fermé et
comportant un orifice de sortie permettant la
communication du fluide avec une source d’'as-
piration, ledit collecteur comportant une pluralité
de fentes d’ouvertures d’entrée allongées (9)
formées dans ce dernier,

des éléments de filtre en forme d’ailettes (4) fai-
sant saillie vers I'extérieur depuis chaque fente
d’ouverture (9) pour retenir les impuretés dudit
fluide, dans lequel chacun desdits éléments de
filtre (4) comprend un cadre périmétrique (18)
et une paire de tamis perméables aux fluides
(16) fixés sur ce dernier en relation espacée et
opposée, dans lequel chaque tamis perméable
aux fluides (16) comporte une pluralité de pics
et de creux paralléles, le contact au niveau de
pics alternés maintenant les tamis perméables
aux fluides (16) en relation espacée et opposée
et définissant une pluralité de canaux d’écoule-
ment de fluide entre eux, et dans lequel chacun
desdits canaux d’écoulement de fluide est
ouvert a la communication du fluide avec ledit
volume fermé a travers un bord latéral marginal
dudit cadre périmétrique (18) et ladite fente
d’ouverture allongée.

Filtre a tamis selon la revendication 1, dans lequel
ledit cadre périmétrique (18) estimperméable au flui-
de, sauf au niveau dudit bord latéral marginal.

Filtre a tamis selon la revendication 1 ou 2, compre-
nant en outre un couvercle d’extrémité au niveau du
bord latéral marginal dudit cadre, le couvercle d’ex-
trémité comportant une pluralité d’ouvertures a tra-
vers lesquelles lesdits canaux d’écoulement de flui-
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de sont ouverts de fagon correspondante a la com-
munication du fluide avec ledit volume fermé.

Filtre a tamis selon I'une quelconque des revendica-
tions 1 a 3, dans lequel chaque tamis perméable aux
fluides est fait d’'une grille métallique ondulée com-
portant la pluralité de pics et de creux paralléles.
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